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a  b  s  t  r  a  c  t
Neospora  spp.  is  a intracellular  protozoan  phylogenetically  closely  related  to  Toxoplasma
gondii  and  Sarcocystis  neurona,  and  it can  infect  horses  leading  to the  development  of  repro-
ductive or  neurological  diseases.  We  determined  the presence  of  antibodies  to Neospora  sp.
in mares  at  their  parturition  time  and  determine  the  frequency  of  vertical  transmission  in
healthy foals  to  verify  the  importance  of transplacental  transmission.  The  samples  wereeywords:
eosporosis
ransplacental infection
ndogenous  challenge
eroprevalence
analyzed  by indirect  immunoﬂuorescence  antibody  test,  showing  that  seroprevalence  in
mares is  higher  than  in  foals  and  seropositive  mares  are  likely  to  transmit  the  neosporosis
to their  offspring.  This  shows  that  endogenous  challenge  occurs  in  horses,  and  it suggests
that this  protozoan  can  be disseminated  by  means  of  transplacental  transmission  in  horse
species.
© 2012 Elsevier B.V. Open access under the Elsevier OA license. . Introduction
The apicomplexan protozoan Neospora spp. is an obli-
ate  intracellular parasite (Anderson et al., 2000), closely
elated to Toxoplasma gondii and Sarcocystis spp. It is a
lobally distributed protozoan capable of infecting a wide
ariety  of hosts (Dubey, 2003).
N. caninum have dogs, coyotes and dingoes as deﬁnitive
osts, (Gondim et al., 2004; King et al., 2010; McAllister
t al., 1998), and several species of mammals, including
attle and other ruminants, canines and horses as inter-
ediate hosts (Dubey et al., 2007). However, the life cycle
f  N. hughesi is not yet fully clariﬁed, its deﬁnitive host and
ther  intermediate hosts, besides horses, are still unknown
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Open access under the Elsevier OA license.(Hoane et al., 2006). Thus, it is not entirely clear how horses
become infected by this kind of Neospora.
Horses can be infected by both species of Neospora:
N. caninum which is associated with reproductive disease,
such  as abortion and neonatal mortality (Pitel et al., 2003)
and  N. hughesi, mainly related to cases of Equine Proto-
zoal Myeloencephalitis (EPM) (Vardeleon et al., 2001). The
occurrence of Neospora sp. infection in horses has already
been  described in America (Hoane et al., 2006; Locatelli-
Dittrich et al., 2006), Asia (Gupta et al., 2002), and Europe
(Ciaramella et al., 2004; Pitel et al., 2003).
N. caninum infection can occur both horizontally, by the
ingestion of oocysts excreted by the deﬁnitive host, or verti-
cally  by transplacental route (Dubey et al., 2007). In cattle, it
is  known that vertical transmission is the major route of N.
caninum  transmission (Hietala and Thurmond, 1999), while
in  horses, despite the supposition that transplacental infec-
tion  occurred (Dubey and Porterﬁeld, 1990; Toscan et al.,
2010),  only recently this route of infection by N. hughesi has
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Table 1
Detection of antibodies anti-Neospora sp. in serum samples from mares
and from foals by indirect immunoﬂuorescent antibody test (IFAT).
Foals Mares Total (%)
Positives (%) Negatives (%)
Positives 45 (34.88)a 6 (8.11)a 51 (25.12)a
Negatives 84 (65.12) 68 (91.89) 152
Total 129 (63.55)b 74 203
Letters (a and b) denote the signiﬁcant difference (2 = 17.9, P < 0.0001) in
the  prevalence among mares at delivery and pre-colostral foals.368 A.M. Antonello et al. / Veterin
been proved (Pusterla et al., 2011). However, the frequency,
the  consequences and the importance of vertical infection
in  maintaining the agent in the equine population are still
unknown (Locatelli-Dittrich et al., 2006).
In this sense, this study aims to determine the presence
of antibodies to Neospora sp. in mares at parturition time,
as  well as the frequency of vertical transmission in healthy
foals.
2.  Material and methods
2.1.  Collection of serum samples
Serum samples were gathered from 203 Thoroughbred
mares and their newborns in two farms located in the
Southern Brazil. The animals were routinely examined by a
veterinarian  and all births were witnessed. The blood col-
lection  was performed immediately after birth from mares
and  in newborns before the ingestion of colostrum by punc-
turing  the jugular vein. After the collection, the whole blood
was  centrifuged at 250 g for 10 min  to separate serum,
which was stored at −20 ◦C until tested.
2.2. Detection of antibodies
The  study of anti-Neospora sp. immunoglobulin G (IgG)
was  performed using indirect immunoﬂuorescent anti-
body  test (IFAT) (Conrad et al., 1993). In order to do so
we  used as antigen N. caninum tachyzoites of NC-1 strain,
grown in Vero cell line with RPMI enriched with 10% fetal
bovine  serum, L-glutamine, pyruvate, penicillin, and strep-
tomycin.  To prepare the IFAT slides the infected monolayer
was collected from the ﬂask and centrifuged at 1500 g
for  10 min, the supernatant was removed and pellet was
resuspended in phosphate buffered saline (PBS) and cen-
trifuged  again. The ﬁnal pellet was resuspended in PBS
and  dispensed on teﬂon slides, after dry slides with whole
tachyzoites were ﬁxed with ethanol 100%, dried and stored
at  −20 ◦C until used.
To  conduct the IFAT in mares we used a cutoff of 1:50
for  screening, while foals were considered positive at 1:16
dilution  (Locatelli-Dittrich et al., 2006). Anti-equine IgG
conjugated to ﬂuorescein1 was used as secondary antibody
at  reaction. Serum sample known to be positive (from an
experimental infected horse) and a negative sample (tested
by  IFAT and Western blot) for the presence of antibodies to
Neospora  sp. were used as positive and negative controls,
respectively. The sample was considered positive when the
ﬂuorescence occurred across the entire surface of N. can-
inum  tachyzoites and negative when the ﬂuorescence was
apical  or absent (Pare et al., 1995). After obtaining posi-
tive  and negative results from IFAT, samples from positive
mothers were titrated to assess the antibody titer inﬂuence
in  vertical transmission.
1 Goat Anti-Equine IgG (H+L)-FITC, 160A Oxmoor Blvd, Birmingham, AL
35209, USA. www.southernbiotech.com.a Seropositives mares show 6.07 times more likely to transmit
neosporosis by transplacental route than seronegative mares (OR = 6.07;
CI  = 95%; 2.44–15.08).
2.3. Statistical analysis
Statistical  analysis of serological prevalence of mothers
and of pre-colostral foals was made by using the chi-
square contingency table (2). To obtain the probability of
a  seropositive mother having a seropositive foal, we calcu-
lated  the odds ratio (OR) at a signiﬁcance level of 95%.
3.  Results
We  assessed the serologic frequency of antibodies to
Neospora sp. in horses and we  observed higher prevalence
among mares than their foals (Table 1). After obtaining the
dichotomous results, the serum of the positive mares was
titrated  and the results are 129 seropositive mares in titer
50,  which decreased to 98 mares (48.2%) in titrate 100. We
observed  33% (67/203) of mares with titrate 200, 19.2%
(39/203) with titrate 400, and 3.9% (08/203) with titrate
800.
Among 129 seropositive mares, 45 gave birth to pos-
itive pre-colostral foals (34.8%), while of 74 seronegative
mares at parturition time, only six gave birth to positive
foals (8.1%). This shows that the chance of vertical transmis-
sion  occurring in seropositive mares is six times higher than
in  seronegative (OR = 6.07; CI = 95%; 2.44–15.08). Assess-
ing  only newborns, we can observe 51 animals reacting to
Neospora  sp. antigens. Among these seropositive foals, 45
(88.2%)  were born from seropositive mares and six (11.7%)
from  seronegative mares (Table 1).
4. Discussion
The antigen used in this study was N. caninum, but anti-
genically, N. caninum antibodies cross-react with N. hughesi
(Gondim et al., 2009), thus, further studies are necessary to
discern  witch Neospora species infected these animals.
To  investigate the Neospora sp. vertical transmission in
horses,  we  assessed the antibodies prevalence in mares
at  parturition and in newborn foals before the colostrum
ingestion. The 63.5% occurrence of antibodies to Neospora
sp.  in mares found in this study can be considered high
compared to results of other authors, which range from
2%  at 1:100 dilution in horses from South Korea (Gupta
et  al., 2002), 12% in Israel (Kligler et al., 2007), and 47%
in  Brazil (Locatelli-Dittrich et al., 2006) testing by IFAT at
cutoff  1:50. Rising the cutoff from 50 to 100, the prevalence
found in those studies decreased from 12% to 1.2% (Kligler
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t al., 2007) and from 47% to 13.8% (Locatelli-Dittrich et al.,
006),  as in our study, which it decreased from 63.5% to
8.2%.  Screening by IFAT at 1:50 can lead to false positives;
owever, antibodies reacting to Neospora sp. antigens in
erum  may  only indicate exposure to the parasite or a par-
site  with similar antigens and not necessarily indicate an
ctive  infection (Vardeleon et al., 2001). Because of this,
e  believe that 1:50 is the cutoff more suitable for screen-
ng  herds when seeking for animals that are challenged
y Neospora sp. The high frequency of antibodies against
eospora sp. found in this study highlights the relevance of
uch  protozoan, as well as the need for control programs,
ince seropositive herds of horses may  have reproductive
roblems as consequence (Pitel et al., 2003), or EPM (Finno
t  al., 2007, 2010). Mare samples that reacted positively in
FAT  were titrated to assess the titer inﬂuence in transpla-
ental transmission, but no difference was observed in the
ertical  transmission rate as the titer.
In samples from newborns, we can observe 51 ani-
als reacting to Neospora sp. antigens before ingesting
olostrum. This fact shows that the intrauterine infection
ccurred in 25.1% of pregnancies (Table 1) since there is no
ransfer  of immunoglobulins through the placenta of the
are  due to its diffuse microcotyledonary epitheliocho-
ial conformation (Abd-Elnaeim et al., 2006), besides the
act  that the equine fetus is capable of forming a humoral
mmune response if exposed to an antigen after 180 days
f  gestation (Cook et al., 2001). Although the prevalence in
ares  is higher than in foals (2 = 17.9, P < 0.0001) (Table 1),
uggesting that most infections are postnatal, the results
llow us to afﬁrm that the vertical infection may  be an
mportant form of Neospora sp. transmission in horses, as
iscussed  by Locatelli-Dittrich et al. (2006), Toscan et al.
2010),  and veriﬁed by Pusterla et al. (2011) in three pre-
olostral seropositive foals.
As expected, positive mares are more likely to trans-
it  neosporosis to their offspring by transplacental route
han  seronegative ones (OR = 6.07, CI = 95%, from 2.44 to
5.08)  (Table 1) due to the fact that seropositives mares
re  carriers of Neospora sp. However, six foals born from
eronegative mares had detectable levels of anti-Neospora
p. IgG (≥1:16) before the ingestion of colostrum, this
act  can be attributed to antibody titer ﬂuctuations of the
other  during pregnancy (Kormann et al., 2008). These six
ares  probably were infected by Nesopora sp., but at blood
ollection, their antibody levels are not detectable by IFAT.
Even  though endogenous challenge is proven to occur
n  mares, we must consider that mares were tested only
t  parturition without registers about reproductive failure
ue  to neosporosis during pregnancy. Moreover, cross-
eaction could occur in N. hughesi infected horses when
ested using N. caninum antigens, as used in this study
Gondim et al., 2009). Despite these facts, our results show
hat  the transplacental infection may  occur in foals and this
ransmission route is epidemiologically important, deserv-
ng  attention in the control programs.
More studies are important to clarify and to assess
he occurrence of transplacental transmission throughout
regnancy and to investigate the existence of reproduction
r  neurological problems in life of congenitally infected
orses.sitology 187 (2012) 367– 370 369
5.  Conclusion
The presence of immunoglobulins to Neospora sp. in pre-
colostral foals proves that the endogenous challenge can
also  occur in horses. Although it occurs less frequently than
in  bovines, vertical transmission is a parasite dissemina-
tion route and it deserves attention in control programs. In
addition,  the high frequency of antibodies to Neospora sp.
found  in this study emphasizes the relevance of this agent
in  horses and reinforces the importance of diagnostic and
control  of this protozoan.
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